The Philippines is considered as one of the most vulnerable countries in the developing world that has experienced various kinds of disaster such as typhoons, flooding, earthquakes, landslides and many other forms of environmental crises. Despite being an archipelago with 7,107 islands, 53% or around 15.8 million ha of its total land area are classified as forestlands. These areas have also been subjected to several catastrophic events and have greatly affected the condition of the environment, the lives of many Filipinos as well as the economy of the country. It is for these reasons that this study aimed to develop a spatial-based approach to assess the vulnerability of watersheds in the Philippines to climate change and to describe its potential in disaster management. The approach had three major components namely, climatic variability component, exposure and sensitivity component and the adaptive capacity component. It consisted of 22 indicators which were also classified under three aspects of vulnerability -hazard, damage and resistance indicators. The model used a scale of 1 to 5 to describe the levels of vulnerability for each indicator and their thresholds were generated using statistical test, existing indices and relevant literature. All indicators were given equal weights and the overall vulnerability classification of a watershed was evaluated by using a ratio between the average scale of all indicators used and the maximum scale. The results of the assessment were also summarized in a template which includes a vulnerability map, scales given for each indicator, overall points, vulnerability classification and category, list of most resilient and vulnerable indicators and other relevant information.
alone [5] . The types of disaster include typhoons, flooding, landslides and flashflood, El Niño phenomenon and earthquake, among others. These unlikely events have greatly affected the lives of most Filipinos and even the economy of the country. At present, the population of the country, based on the 2007 national census data, is estimated at 88.6 million [6] . This indicates an annual growth rate of 2.04 % from 2000 to 2007. Meanwhile, a study conducted by the University of the Philippines -Population Institute (UPPI) in 2003 estimated that around 24 million people were already living in upland areas [7] . This figure does not only imply additional pressure on the possible exploitation of resources, but it also poses the extent of potential risk for vulnerable areas. The UPPI also projected that this estimate will double in the next three decades if continuous lowland-to-upland migration is observed.
This growing pressure on the environment has lead to the development of this spatial-based approach to assess the vulnerability of watersheds in the Philippines. Moreover, the results of this study can be used to mainstream environmental strategies not only to further strengthen the monitoring system of watersheds over time in the country but the study also seek the potential application of the approach in disaster management of mountain ecosystems.
Materials and methods
The study mainly involved the integration of some spatial-based methods and indices in developing an assessment method for vulnerability. Since the assessment was designed mostly for watersheds, majority of the indicators were based on the concept of biophysical vulnerability. Biophysical vulnerability was defined as the interaction of hazards and social vulnerability. This ultimately produces an outcome which is generally measured in terms of physical or economic damage or human mortality and morbidity [8] . The model was also founded on the IPCC definition of vulnerability which described it as "the degree to which a system is susceptible to and is unable to cope with adverse effects of climate change, including climate variability and extremes; vulnerability is a function of the character, magnitude, and rate of climate variation to which a system is exposed, its sensitivity, and its adaptive capacity" [9, 10] . Using these definitions, the indicators in the model were classified under three major components namely, climate variability, exposure and sensitivity, and adaptive capacity.
The GeoREVIEW approach
The approach was called the Geospatial-based Regional Environmental Vulnerability Index for Ecosystems and Watersheds, or the GeoREVIEW model. This approach involved the inter-connectivity of the 22 indicators that were classified under three major components as shown in Figure 1 .
The climate variability included indicators that have significant effects on the environment and hydrological conditions of watersheds such as precipitation, temperature and wind. Band et al. [11] observed that projected changes in the precipitation and temperature could result in significant watershed climate change impacts. These two parameters alone yielded qualitatively different forecasts when compared to a simulation that included an alteration in the canopy physiology and increase of atmospheric CO 2 concentrations. On the other hand, Lentz et al. [12] hypothesized that wind interacting with topographic features can significantly change the distribution of rainfall over a given landscape. As a result, they have found that rainfall pattern differed with the combined effects of meteorological rainfall, incident wind speed, and hillsummit elevation. Mabry et al. [13] also examined the effects of typhoons in a tropical forest in northeastern Taiwan. The study revealed that damage caused by typhoons includes uprooting of trees, snapped boles, and defoliation. Conceptual framework of the GeoREVIEW approach.
The second major component of the model was the combined exposure and sensitivity component which describes the biophysical characteristics of the landscape. This consisted of topography, channel size, vegetation cover, ecosystem health, biomass content, watershed area, biodiversity and the presence of threatened species. Reid [14] explained that land use could alter biological communities in watersheds especially in terms of its influence on production, quality and transport of water and sediment. As such, the biological and physical attributes of watersheds, together with the processes and interactions between them, are of great significance to the study.
Potential hazards and susceptibility concerns of the area to possible damage were also included in this component. These were comprised of erosion estimates, landuse change, fire susceptibility and seismicity records. Kaly et al. [15] indicated that such hazardous events can lead to loss of diversity, extent, quality and function of an ecosystem. Therefore, these parameters were incorporated in the development of the model.
The third component was adaptive capacity. Indicators under this component describe the capacity or ability of the system to modify or change its characteristics or behavior so as to adjust or cope better with existing or anticipated external stresses [16] . These indicators were human development, road density, population growth, population density, and number of tourists. Majority of these are human-related indicators that mainly influence the extent of use and damages that can be made to the resources within the watershed, the carrying capacity of the area, and the additional pressure to the environment in terms of pollution as well as further disturbance in the ecosystem.
The indicators in the model were also classified under three different aspects -hazard, resistance and damage. Hazard indicators address the possibility of a hazardous event to occur, its frequency and intensity. Resistance indicators, on the other hand, are those referring to the inherent capacity or characteristics of the watershed to withstand the impacts of hazardous events. These also measure the ability level of an ecosystem or watershed to cope with natural and anthropogenic hazards. Lastly, the damage indicators illustrate the extent of degradation experienced by a system from past unlikely incidents or demonstrate the loss of ecological integrity from recurring hazards.
A unique ID was also assigned for each indicator to emphasize its component and aspect. For instance, the wet season indicator was given an ID of CVi1H. The CV stands for climate variability which also refers to its component, i1 indicates it's the first indicator in the GeoREVIEW model and H denotes hazard which represents the aspect of vulnerability.
Vulnerability assessment using GeoREVIEW

Calibration of threshold levels for the indicators
The GeoREVIEW approach involved a scale of 1 to 5 to indicate the degrees of vulnerability. A value of 1 implies a resilient state while a value of 5 specifies the most vulnerable scale. An indicator may also demonstrate either a discrete or a continuous value. Discrete values may be generated if an indicator uses a single scale to describe the entire watershed. This can be attributed to the nature of the indicator or because of data availability. On the other hand, continuous values may be derived from indicators that involve spatial analyses and application of environmental indices. The values of this type of indicators can be expressed initially as a ratio multiplied by its corresponding scale. Their products will then be aggregated into a single value to represent the overall vulnerability level of that indicator.
The setting of threshold levels for each indicator was determined using statistical test, spatial-based methods and indices, while some indicators were reviewed and evaluated based on previous related researches.
The statistical test employed the use of the Kolmogorov-Smirnov (K-S) test. This test is used to find if a sample comes from a hypothesized continuous distribution and is mainly based on the empirical cumulative distribution function (ECDF). There were 12 indicators in the model that were assessed using the K-S test. The raw data were initially plotted into a frequency distribution with nine (9) equally divided classes and the graph was tested under three different distribution curves namely, normal, lognormal and exponential distribution. The goodness of fit to these distribution curves was evaluated using a comparison of the K-S test statistic (D) and the critical value at a specified level of significance (). The D value refers to the largest vertical difference between the theoretical and ECDF.
If the initial test revealed the normal distribution as the best fit, the values in the classes were applied in assigning the threshold levels. However, if either lognormal or exponential distribution was found as the best fit, the raw data were transformed first into their non-linear values using natural logarithm or square root function. After which, the resulting values were again refitted against a normal distribution curve. If the test found a non-significant result, these categories were finally used to distribute the range in each scale for a given indicator.
The scaling system under the K-S test was mainly based on the range of the nine (9) classes. Scale 1 was assigned to classes 1 and 2, scale 2 was designated from class 2 to 4, scale 3 from class 4 to 6, scale 4 from class 6 to 8 and finally, scale 5 was assigned for classes 8 and 9. The distribution was regarded as continuous hence the overlap between scales.
On the other hand, the remaining 10 indicators were evaluated using various indices, spatial-based methods, standards and literature reviews. Their threshold levels were assigned based on the nature and characteristics of the index, their limits, previous studies conducted in the Philippines where these methods have been applied and the like. Some of the methods used to develop the approach include the Shannon-Weiner index, normalized difference vegetation index (NDVI), potential biomass density index (PBDI), revised universal soil loss equation (RUSLE), fire susceptibility index (FSI), PHIVOLCS earthquake intensity scale (PEIS), human development index (HDI) and the Strahler's method.
Classification of overall vulnerability and category
The overall vulnerability point (OVP) of a watershed was determined using the equation: Table 1 shows the details in assigning overall vulnerability and category. The results of the assessment were also presented in a template that shows relevant information about the evaluation.
Results and discussion
Description and threshold levels of the indicators in GeoREVIEW
The results of the calibration of threshold levels and scales for all 22 indicators are summarized in Table 2 . It also describes the nature of each indicator, the ID for each indicator, its effects to climate and the environment, and the unit of measurement.
The potentials of GeoREVIEW in disaster management
The GeoREVIEW approach was designed primarily to assess vulnerabilityrelated problems of watersheds and other ecosystems in the Philippines to climate change but this does not restrict its application. With its capacity to classify its indicators into different components and aspects of vulnerability, the model can be a potential tool also in disaster management. In this field of discipline, many elements are involved such as disaster preparedness, disaster response and post-disaster support system. These similar elements can also be found in GeoREVIEW and can be interpreted particularly in terms of the three aspects of vulnerability. Hazard can be associated to disaster preparedness, resistance to disaster response and damage to post-disaster support systems.
There were eight (8) indicators in the approach that were classified under the hazard aspect namely, wet season, dry season, cold period, hot period, maximum wind, erosion, fire susceptibility, and earthquake. These same indicators covered most of the hazards being experienced by the country over the past decades. These include typhoons, flashfloods, landslides, forest fire and earthquake. On the other hand, seven (7) indicators were regarded as measures of resistance (elevation, watershed area, channel size, vegetation cover, biomass storage, human development and road density) while the other seven (7) indicators were attributed to damage (biodiversity, threatened species, ecosystem health, landuse change, population growth, population density and number of tourists). The indicators under resistance tackle the contributions of the environment and society in minimizing the impacts and possible effects of disasters. They also capture the ability of the system to cope up from such unlikely events. The damage indicators, on the contrary, highlight the degree of harm sustained by the area over the past years. These indicators are very essential to determine the present state of the area and how these problems can be properly addressed.
With these attributes of GeoREVIEW, the model can also be utilized to identify areas which are most vulnerable to disaster. Since a vulnerability map is generated from the assessment, this can be utilized also in making better decisions, prioritization, management and policy formulation in the area. The evaluation results can also further improve the reliability and design of Disaster Management and Human Health Risk 27 emergency preparedness and evacuation plans, efficiency in the allocation of resources in the development of early warning systems, sustainability in the management of the area and the like.
Template for the GeoREVIEW approach
The results of the entire evaluation process were also presented in a template for ease of understanding and to emphasize significant information (Figure 2 ). These include the profile of the indicators, vulnerability map, overall classification and category, vulnerability points, the least and most vulnerable indicators, and the average scale for each component and aspect of vulnerability, among others. 
Conclusion
The development of the GeoREVIEW approach is originally founded on the idea to create a standardized spatial-based method in evaluating vulnerability level of watersheds in the Philippines to climate change. It has 22 indicators which are classified into three different components and are categorized also under three various aspects of vulnerability. The results of the assessment are summarized using a template to give more emphasis on important findings about the area.
The GeoREVIEW, however, does not limit its capability in vulnerability studies alone but the model can be applied as well to other fields of interest. In this paper, the model is also associated to disaster management because the indicators in GeoREVIEW can also be interpreted based on hazard, resistance and damage. These different aspects of vulnerability are often observed also in various kinds of disaster and are imperative in developing better perspective and understanding about the nature of such events. In addition, the assessment in the model is coupled with the use of spatial-based technologies such as geographic information system (GIS) and remote sensing. The integration of these tools further increases the reliability of results, faster retrieval of information, provision of more alternatives or options, and a more efficient and effective resource allocation. These important features have also become essential elements of the model to further advance the assessment process in disaster management.
The model, however, can still be improved with the incorporation of additional databases in the development of its scales to better capture the diverse conditions in the Philippines. The results from future application of the model are also very essential in the evaluation of the behavior and performance of the indicators. These results will also dictate later if an adjustment of the current threshold levels for the different indicators is indispensable. Moreover, the information generated from this evaluation will be vital also in determining whether a weighing system among components or indicators in the model will be necessary or not.
